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DESCRIPTION 
LUMINESCENT DEVICE 

5 TECHNICAL FIELD 

The present invention relates to d luminescent 
device using an organic compound, more particularly 
to a luiainescent device exhibiting stability and high 
efficiency which is provided by using a metal 
.10 coordination compound as a luminescent material. 

BACKGROUND ART. 

Organic EL devices as luminescent devices with 

high-speed response and high efficiency have been 
15 . intensively, investigated for their application (see 

Macromol . Symp . .125, 1-48.(1997)^ for example) . 

A copper coordination compound can be produced 

at a relatively low cost due to inexpensive raw 

materials, and low^-cost and high performance organic 
2.0 EL devices can be obtained when performance of the . 

copper coordination compound is fully utilized. 

Organic EL devices using copper coordination 

compounds are disclosed in Japanese Patent No. 

2940514 and Advanced materials 1999.11 No. 10 p. 852 
25" Y. Ma et al. However, these. EL devices have 

remarkably low luminescence efficiency, and these 

documents have insufficient description of device 
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efficiency. It is difficult to consider that the 
properties of the copper coordination compounds are 
fully exploited. Thus, these EL devices do not have 
enough performance to be used for displaying or 
5 lighting. 

In addition, a luminescent material of a coppei 
coordination compound used in Advanced materials 199i 
11 No. 10 p. 852 Y. Ma et al* has a molecular weight 
of 1/600 or more, and its molecular weight is so 

10 large that the material has inferior sublimation,, 
thus making the material unsuitable for vacuum 
evaporation. 

Further, copper coordination compounds having 
the same structure as some of the compounds used in 

15 the present invention are disclosed in Journal of 
chemical Society Dalton Transaction 1991 p. 2859; 
Journal of Chemical Society Dalton Transaction 1983 p, 
1419; and Journal of Chemical Society Dalton 
Transaction 2001 p. 3069, but there is no description 

20 concerning luminescence therein. 

In Journal of American Chemical Society > 2003 
125(40) p. 12072, there is a description, of a 
trinuclear copper coordination compound different 
from the copper coordination compound of the present 

.25 invention. The compound described therein has 
luminescence property, and application of the 
compound to an organic LED. is suggested therein. The 
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distance between copper atoms in the molecular of the 
compound is about 3.22 A, and interaction between 
copper atoms is not strong. This trinuclear copper . 
coordination cpmpound can be vapor-deposited^ but has 
5 inferior luminescence property (efficiency), and 
stability for a device. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to 

10 provide a . luminescent device using a luminescent 

material/ which has high luminescence efficiency and . 
high stability/ and is available at a low cost. 

Namely, a luminescent device of the present 
invention uses as a luminescent material a binuclear 

15 copper coordination compound haying a partial . 
structure represented by the following general 
formula (1). Further, the above-described copper 
coordination compound preferably has a partial 
structure represented . by the following general 

20 formulae (2) and (3).. 
[Chemical Formula 1] 

I I 

Cu Cu (1) 
25 ^3^A^^l' 



wherein Cu is a. monovalent copper ion; and each of Ai 



V 



4 



10 



to A3 and Ai» to Aa^ is "selected from the group 
consisting of a nitrogen atom, a carbon atom, and a 
phosphorus atom. 
[Chemical Formula 2] 



a. 



Cu CM (2) 



wherein each of Rj., R2, .Ri* and R2' is a branched or 
. straight alkyl group in which a hydrogen atom is 
optionally substituted by a halogen and which has 10 
or less carbon atoms, an aromatic ring group 

15 optionally having a substituent,. a trimethylsilyl . 
group, a dialkylamino group which is. optionally 
..substituted, or a diary lamino' group; each of Ri,. R2f 
Ri* and Ra^ may be the same or different; and N is an 
imine group on a heteroaromatic ring, and the 

20 heteroaromatic ring is selected from the group 

consisting of a piyridine ring, a pyridazine ring, a 
pyrazine. ring, a pyrimidine ring, a quinoline .ring, . 
. an isoquinoline ring, a pyrazole ring, an 
azaquinoline ring, and an azaisoquinoline ring, . and 

25 these rings may have a substituent. 
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[Chemical Fotmula 3) 

ft'"" . ;. ■ ■ 

Cu Cu (3) 

5 /^V^V ' 

wherein each of R3. and Ra* is a branched or straight 
alkyl group in which a hydrogen atom is optionally 
. substituted, by a halogen and which has 10 . or less 

lb carbon atoms^ an aromatic ring group optionally 
having a substituent, and a trimethylsilyl group; 
each of R3 and R3' may be the same or different; and N 
is an imine group in a heteroaromatic ring, and the 
heteroaromatic ring is selected from the group 

15. consisting of a pyridine ring, a pyridazine: ring, a 
pyrazine ring, a pyrimidine ring, a quinoline ring, 
an isoquinoline ring, a pyrazole ring, an 
azaquinoline ring, and an azaiboqiiinoline ring, and 
these rings may have a subs.tituent*, 

20 Another luminescent device of the present 

invention uses as a luminescent material a trinuclear 
copper coordination compound having a partial 
structure represented by the following general 
formula (4), Further, the copper coordination. 
.25 . compound, preferably has a partial structure 

represented .by the following general formula (5) . - . . 
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. [Chemical Formula 4 ] 
A' 




(4) 

Cu Cu Cu 

5 wherein Cu is a . copper ion and A' is. a tridentate 
'ligand, 

[ChemicaX Formula 5]- 
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Cu Cu Cu (5) 



wherein B' is a tridentate ligand.and may be the same 
15 ' as or different from A' . 

In the above loaminescent device of the present . 
invention/ the copper coordination compound 
preferably has a partial structure represented by the 
following general formula (6). 
[Chemical Formula 6] 



20 



C 

I 

Cu 



(6) 



Further, it is pref eraj^lis that the distance 
25 between copper atoms of the copper coordination 
/ compound is 3.2 Q or less* 

Furthermore, it preferable that . the copper 
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of copper coordination compound is a monovalent ion. 
Moreover, it is preferable that a luminescent 
. layer contains a part of .100% of the copper 
coordination compound. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA, IB, IC, ID and IE are. cross sectional 
views showing one example of a luminescent device of 
the present invention; 
10 Fig. 2. is a graph showing a luminescence 

spectrxmi of an exemplary compound 1001; 

Fig. 3 is a graph , showing a luminescence 
spectrum of a compound in a solid state in the 
present Example; 
15 Fig. 4 is a graph showing a Ixaminescence 

spectrum of a compound in a solid state in the 
present Example; and 

Fig. 5 is a graph showing a luminescence : 
spectrum of a compound in a solid state in the 
.20 present Example. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A copper coordination compound used in the 
.present invention not only has high luminescence 
.25 . efficiency but also is suitable for vacuum deposition 
process or spin coating process wherein the compound 
is applied in a solution, or application. method using 
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an ink jet nozzle, thereby enabling stable device 
fabrication with no damage such. as decomposition in a 
device fabrication process. Therefore, the 
luminescent device of, the present invention exhibits, 
high luminescence efficiency and high stability, and 
at the same time can be' fabricated at a low cost^. 

Now, the present invention will be described in 
detail. * 

First, features of a copper coordination 
compound, are described which is a lumineiscent 
material of the present invention. 

The copper coordination compound used in .the . 
present invention is a copper coordination compound 
having a partial structure represented by the above 
general' formulae (1) to. (4), that is* a binuclear 
copper coordination compound wherein two copper atoms 
. are coupled to one or a plurality, of bidentate 
ligands, or a trinuciear copper coordination compound 
wherein three copper atoms are coupled to one or a 
plurality of tridentate ligands. The copper 
coordination compounds falling within this category 
exhibit . thermal stability and high luminescence 
efficiency and are suitable for luminescent material. 
Particularly in a solid powder state, they are. 
characterized by stronger luminescence exhibited 
compared with othqr compounds. 

In general, even among compounds that exhibit 
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strong luminescence in a dilute solution/ many of 
them exhibit extremely weak luminescence in a solid 
powder : state. These compounds form associations in 
the ground state by interaction between molecules of 
5 the luminescent material 'or form excipiexes, this 
phenomenon is Icnown as ^^concentration quenching'' 
wherein original luminescence characteristic cannot 
be obtained. 

It can be said that a Cu coordination compound 

10. of the present invention is less susceptible to the • 
concentration* quenching. Therefore^ when considering 
a luminescent layer in a luminescent device, the 
concentration quenching, is generally prevented by 
adding a small amount of luminescent material as a 

15 guest material to a host material. However, since 
the copper coordination cpmpound of the present, 
invention has no constraint of the concentration 
quenching, a high concentration of the compound can 
be applied or a luminescent layer of 100% of the 

20 compound can be formed. As a result, luminescent 
devices which have high luminescence efficiency and 
good productivity can.be fabricated. In addition, 
. because of small concentration dependency of 
luminescence characteristic, variations in 

25 fabrication can be reduced. In this view, 

luminescent devices with high productivity can be 
fabricated. 
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Here, it Is prefer.able to use a copper ion of. a 
center metal that is a monovalent cation. 
Considering electron arrangement of a copper aitom, a 
positive monovalent copper contains 10 d^-electrons . 
5 In general,; there . are many cases wherein a transition 
metal having even number of d electrons exhibits 
excellent luminescence characteristic. 

In addition, vacuum deposition method is 
coiranonly employed for fabricating an organic LED 

10 device in general since it enables the fabrication of 
a stable thin film with good quality. From our 
experiments/ as the molecular weight of a compound 
J^ecomes large, this deposition method cannot be 
employed. Accordingly, for vacuiam deposition, the 

15 copper coordination confound of the present invention 
has a iQolecular weight of preferably 1,500 or less, 
more preferably 1,200 or less. 

. Chemical formulae of ligahds that can be used 
for the present invention are shown below (it should 

20 be noted that the following basic structures 
optionally have a condensed, ring group or a 
substituent group. The substituent group is a 
halogen atom, a straight, branched or cyclic alkyl 
group or an aromatic ring group, optionally having a 

25 substituent. CH2 group of the alkyl group may be 

substituted . with -O- or -NR- (R is an alkyl group or 
an aromatic ring group which may be substituted) , and 
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a hydrogen atom of the alkyl group may be substituted 
with an aromatic ring group or a halogen atom.), 

[Chemical Formula 8] 



Si(CH3)3 



H 

A01 




SKCH3)3 
AQ2 



fS ,Si(CH3h' 
A03 



S!(CH3)5 . 



A04 



AOS 



A06 



ir^ SiCCH3}3 SI(CH3)3 Si(C 



H 
A07 



SI(CH3)3 
Si(CH3)3 



AOS 



H 
A09 



M(CH3)3 
a(CH3)3 



CF3 ^3 
A10 



H 
A11 



jSi(CH3h 
SKCH3)3 




a(CH3)3 

.'H 
A12 



n -] Si(CH3)3 
H 

A13 



t-Bu 



t-Bu 




1 /KCH3)3 ^ , 



A14 



Si(CH3)3 



N^-Si(CH3)3' 
H 

A15. 



AkAc'^®{<^"3)3 
H 

•A16 



Si(CH3)3 



N^-Si(CHg}3 



A17 




T,^ Si(CH3)3 

H 

A18 . 




SI(CH3)3 



-M^^-Si{CH3)3 
H 



^N^C^SS(CH3)3 



A19 



A20 



A21 
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[Chemical Formula 9] 



,Si(CH3)3 

SKCHsh 



H 
B01 



Si(CH3)3 



H 
B02 



n Si(CH3)3 

H 

B03 



(f^ Sii 



H 
B04 



!Si(CH3)3 
Si(CH3)3 



jpN Si(CH3)3 



BOS 



Si(CH3)3 
(CH3)3S.ivj,A «l^(P-3i(CH3)3 
H2 H 



806 



H 



jSi(CH3)3 
a(CH3)3 



B07 



. if^N Si(CH3)3 
^^A^Ag/,Si(CH3)3 



B08 




» N Si(CH3)3 
' M*S^^Si(CH3)3 
H. 



B09 



jSi{CH3)3 
Si(CH3)3 



H 

BIO 



Si(CH3)5 
fj«^^.Si(CH3)3 
H 

B13 



CFj 



„ y .Sl(CH3)3 



H 

B11 
t-Bu 



j6l 



.,. ,Si(CH3)3 

t-Bu'.-N^'^Si(CH3)3 
H 

B14 



.Si(CH3)3 
H 



B12 

N Si(CH3)3 

^^■^C-Si(CH3)3 
H 

BIS 



t-Bu 



Y^N Si(CH3)3 



B16 



II 'I .Si(CH3)3 
.N-N^C'^Si(CH3)3 



H 
B19 



Nf^N jSi 



H 
B17 



jSi(CH3)3 
Si(CH3)3 



:^^Y^N SII 



H 
B20 



,SI(CH3)3 

SKCHsh 




N ,Si(CHj)3 

^C'^Si(CH3)3 
H 

B18 



'Y^N Si(CH3)3 



B21 
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[Chemical Formula 10] 



F 

tpU Si(CH3h N^N Si(CH3)3 N-^N S^h 

V^^-SKCh,)» A*y-'«(0^3), F\iV-.8iS^. 

cot 



H 

C02 



H 

^ 

O03 



t-B„l//SSj), mOW^rf^^ (CH3hSi^^^^^a(CH, 

006 



C04 



COS 



Si(CH3)3 



C07 



O ,Si(CH3)3 



CIO 



^'N-C^-SKCHsfe 
COS 



,Si(CH3)3 
ft >-C^Si(CH3)3 



H 
C11 



, Si(CH3)3 
./^N-d-SI(CH3b 

C09 

>(CH3)3 
|T ,>-C^Si(CH3)3 



C12 



^ /Si(CH3)3 

,;>_C^Si(CH3)3 
C13 



SKCHsfe 

^-Si(CH3)3 



CIS 



a(CH3)3 

C14 



, /^C^Si(CH3)3 



C16 





,Si(CH3)3 

^ H 



C17 
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[Chemical Formula 11] 




[I -r^N^^^s^cHsh 



D01 



n SI(CH3)3 . 

H 

D02 




SKCHsfe 

H 



DOS 




jSl(CHjlj 

a(CH3)3 



,6l 



, ,Sf(CH3h 
.„A^^-Si(CHs)3 
H 




,SI(CHsh 

H 



D04 



DOS 



. . Si 



,Si(CH3b 




SKCHsh 

H 



D06 

SKCHab 




D07 



DOS 



DOS 



SI(CH3)3 

^ i . H 




,Si(CHj), 



Si(CHj)s 
II J H. 




D10 




I SKCHsh 



Oil 




SI(CH3)3 

H 



D12 



QlT^ SI(CHs), 

0 ' 



013 



014 



015 




P16 




Si(CH3)3 
Si(CHj)3 



017 




H 



D18 
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[Chemical Formula 12] 




E09 . ^ Ell 




E16 



16 




17 



[Chemical Formula 14] 



QMe 



MeC 



OMe 



q4 ' 

H 



OMe 

MeO. 



-OMe 



N 



H 
G01 



Quo 



Q04 



G08 



G02 



G05 



G09 



H 



G03 



Goe; 

1 




HS 



G10 




G07 
G11 





H 

G12 



G16 




[I 1 /-^ 
n 



G13 




G14 



G17 



0^ 



G15 



G18 





G20 



H 
G21 



CF3 
'-CF3 



H 



G22 



H 

G23 
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[Chemical Formula 15] 



HOI 



H04 



H 

H02 



H05 



Si(CH3)3 




' «L^x-Si(CH3)3 

N Jj 
H03 



Ml 

. Hoe . 



F3C 



H 



H07 




H 



^SKCHah 



H08 




H 



,Si{GH3)3 



H09 



/Q.|j.Si(CH3)3 



H10 



•fi' 

H11 



(HgOaSi-'C^N'^ 



H12 



(H3C)3Si 



H13. 
I ^1 lSi(CH3)3 



H16 




I J ^^Si(CH3)3 
H 



H14 



I AN.^Si(CH3)3 

H 

H17 




• H F 
H15 

lQl|^.SI(CH3)3 
H18 
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[Chemical Formula 16] 




SKCHab 



119 




J11 



21 

Ligands shown in chemical formulae 6 to 15 may 
become a bidentate ligand with negative monovalence 
after a hydrogen atom is withdrawn from '"CH" or 
in. the formulae, so that the hydrogen atom-withdrawn 
5 nitrogen atom or carbon atom become a coordinating 
atom to a copper atom. Further, since ligands shown 
in chemical formula 16 are zerovalent, a coordination 
compound as a whole is^ positive divalent. In the 
case of these ionic coordination compounds, PFe"/ 

10 CI04", BFfl" and a halogen ion can be used as a counter 
anion. For example, quadridentate ligands in which 
. two of bideiitate ligands shown in chemical formulae 6 
to 16 are. coupled by a covalent bond can be used as a 
ligand of the present invention. 

15 Next, specific examples of the copper 

coordination compound of the present invention are 
shown in Tables 1 to 7 and Chemical Formula 17. 
Reference characters in the colximns of ''A and B", -^W 
and ^^B" of the Tables represent the above-described 

20 ligands. Tables 1 and 2 show, coordination compounds 
in which ligands A and B. have the same structure. 
Tables 3 to 7 show coordination compounds, in which 
ligands A and B have different structures. Chemical 
Formula 17 shows . trin^clear coordination compounds. 



Table 1 



Compound 




Number 


A and B 


1001 


A01 


1002 


A02 


1003 


A03 


1004 


A04 


1005 




1006 




1007 




1008 


AOS 


1009 


AOQ 


1010 


AlO 


1011 




1012 


Al 9 


101!* 


Al 7 


1014 


■ Ai d ' 


1 U 1 \7 


Al *\ 


101 ft 
1 w I u 


Al ft 


inn 


■ Al 7 


tvlO 


Al O 


1 w 1 «7 


AtQ 

A 1 9 


1090 
1 v^v 


A9ft 
A4U 


1091 


A91 


1099 

1 


PHI 


1091 


nno 
ouz 




Rni 
oUJ 




13 Ail 


109 A 




1097 


- DUO 


1/19fi 


om 
oU/ 




DfJo 


lUoU 




lUO 1 


Dill 


1I1'>9 


•ol 1 


lUoo 


9 


1034 


B13 


1035 


B14 


1036 


B15 


1037 


816 


1038 


817 


1039 


818 


1040 


819 


1041 


820 


1042 


821 


1043 


COl 


1044 


C02 


1045 


C03 


1046 


C04 


1047 


C05 


1048 


COS 


1049 


C07 


1050 


C08, 
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Compound 




Number 


A and B 


1051 








10S.1 


ni 1 




Pi 9 






■UuD 






PI *i 


• 1 vwO 


Ol D 




Ol / 


IvDU 


UU 1 


lUD 1 




fnfi9 




lUDO 


L/U4 




UU9 


lAAi; 


UUo 


iuqd 


UU/ 


lUQ/ 


UOo 


1 ACQ 


D09 






lO/Q 


Dl 1 


10/1 


D12 


lU/z 


013 


lU/ J 


D14 


1 Alii . 


DID 


i07o 


D16 


lO/O 


D17 . 


10// 


D18 


10/8 


E01 


1079 


E02 


1080 


E03 


1081 


E04 


1082 


£05 


moo 
i0o3 


E06 




P07 
■CU/ 


1085 


EOd 


1086 


£09 


1087 


ElO 


1088 


£11 


1089 


E12 


1090 


E13 


1091 


E14 


1092 


E15 


1093 


E16 


1094 


FOl 


1095 


F02 


1098 


F03 


1097 


F04 


1098 


F05 


1099 


F06 


1100 


F07 



Cooapound 


• 1 


Number 


A and B 


1 101 


rvO 


1109 






Pin 


1 104 


P11 


1 tVO 


rlz 


1 lUO 


CI 7 


t im 

I lU/ 


PI A 


1 lAfi 
1 lUo 


r ID 


1 lOQ 


P1A 

r ID 


1 i lU 


C 17 

r 1 / 


1111 


UOl 


1117 

III/ 


/7AO 


1117 




111^ 
1 1 1 *i 




1 llO 


Q05 


1 1 1 ft 

MID 




1 11 7 


Q07 


1118 


008 


1119 


G09 


1 120 


G10 


1 121 


Gil 


1122 


G12 


1 123 


G13 


1124 


G14 


1125 


015 


1126 


016 


1127 . 


017 


1128 


018 


1129 


019 


1 130 


020 


1131 


021 


1132 


G22 


1133 


023 


1134 


HOI 


1135 


H02 


1136 


H03 


1137 


H04 


1138 


H05 


1139 


H06 


1140 


H07 


1141 


H08 


1142 


H09 


1143 


H10 


1144 


H11 


1145 


H12 


1146 


H13 


1147 


H14 


1148 


H15 


1149 


H16 


1150 


HI 7 



Table 2 



Compound 




Number 


A and B 


1151 


11 


1152 


12 


1153 


13 


1154 


14 


1155 


15 


1156 


16 


1157 


17 


1158 


18 


1159 


19 


1160 


110 


1161 


11 1 

111 


1162 


112 


1163 


113 


1164 


114 


1 1 65 


115 


1166 


116 


1167 


117 


1168 


118 


1169 


119 


1170 


J01 


1171 


J02 


1172 


JOS 


1173 


J04 


1174 


J05 


1175 


J06 


1176 


J07 


1177 


JOS 


1178 


J09 


1179 


J10 


1180 . 


F18 


1181 


F19 



24 



Table 3 



Number 


A 


8 


2001 


AOl 


A02 


2002 


A01 


A04 


2003 


AOt 


A05 


2004 


AOl 


A05 


2005 


AOl 


A07 


2006 


AOl 


A09 


2007 


AOl 


All 


2008 


AOl 


A12 


2009 


AOl 


A13 


2010 


AOl 


A14 


20 1 1 


AOl 


At5 


2012 


AOl 


A21 


2013 


AOl 


BOl 


2014 


AOl 


B02 


2015 


AOl 


B06 


2016 


AOl 


811 


2017 


AOl 


B12 


2018 


AOl 


B20 


2019 


AOl 


C01 


2020 


AOt 


C02 


2021 


AOl 


C04 


2022 


AOl 


COS 


2023 


AOl 


C06 


2024 


AOl 


CG7 


2025 


AOl 


CIO 


2026 


AOl 


C11 


2027 


AOl 


C12 


2028 


AOl 


C13 


2029 


AOl 


C14 


2030 


AOl 


C16 


2031 


AOl 


C07 


2032 


AOl 


D01 


2033 


AOl 


O04 


2034 


AOl 


006 


2035 


AOl 


007 


2036 


AOl 


D08 


2037 


AOl 


0Q9 


2038 


AOl 


015 


2033 


AOl 


016 


2040 


AOl 


017 


2041 


AOl 


018 


2042 


AOl 


E03 


2043 


AOl 


EOS 


2044 


AOl 


Ell 


2045 


AOt 


E12 


2046 


AOl 


E13 


2047 


AOl 


E14 


2048 


AOl 


E15 


2049 


AOl 


E16 


2060 


AOl 


F01 



Poflinmin/I 
vutiipuuiiu 

NiUDber 


A 


1 

• B 


2051 


AOl 


F03 


2052 


AOl 


F04 


20S3 


AOl 


F05 


2054 


AOl 


F11 


2055 


AOl 


F14 


2056 


AOl 


F17 


2057 


AOl 


qoi 


2058 


AOl 


G02 


2059 


AOl 


G03 


2060 


AOl 


Q06 


. 2061 


AOl 


G12 


2062 


AOl 


G13 


2063 


AOl 


G15 


2064 


AOl 


G20 


2065 


AOl 


Q21 


2066 


AOl 


G23 


2067 


AOl 


HOI 


2068 


AOl 


H04 


2069 


AOl 


HIO 


2070 


AOl 


HI 2 


2071 


AOl 


H14 


2072 


AOl 


HI 7 


2073 


AOl 


!01 


2074 


AOl 


103 


2075 


AOl 


114 


2076 


AOl 


115 


2077 


AOl 


J01 


2078 


AOl 


J07 


2079 


AOl 


JIO 


2080 


A02 


A04 


2081 


A02 


AOS 


2082 


A02 


A06 


2083 


A02 


A07 


2084 


A02 


A09 


2085 


A02 


All 


2086 


A02 


At 2 


2087 


A02 


A13 


2088 


A02 


A14 


2089 


A02 


A15 


2090 


A02 


A21 


2091 


A02 


BOl 


2092 


A02 


802 


2093 


A02 


810 


2094 


A02 


811 


2095 


A02 


812 


2096 


A02 


820 


2097 


A02 


C01 


2098 


A02 


C02 


2099 


A02 


C04 


2100 


A02 


COS 



uoupouiiu 
Nunber 


A 


B 


2101 


A02 


C06 


2102 


A02 


G07 


2103 


A02 


CIO 


2104 


A02 


C11 


2105 


A02 


C12 


2106 


A02 


C13 


2107 


A02 


C14 


2108 


A02 


C16 


2109 


A02 


C07 


2110 


A02 


DOI 


2111 


A02 


D04 


2112 


A02 


006 


2113 


A02 


□07 


.2114 


A02 


DOS 


2115 


A02 


D09 


2116 


A02 


Dl5 


2117 


A02 


D16 


2118 


A02 


D17 


2119 


A02 


018 


2120 


A02 


E03 


2121 


A02 


EOS 


2122 


A02 


Ell 


2123 


A02 


£12 


2124 


A02 


E13 


2125 


A02 


E14 


2126 


A02 


E15 


2127 


A02 


E16 


2128 


A02 


FOl 


2129 


A02 


F03 


2130 


A02 


F04 


2131 


A02 


F05 


2132 


A02 


F11 


2133 




F14 


2134 


A02 


F17 


2135 


A02 


GOl 


2136 


A02 


G02 


2137 


A02 


G03 


2138 


A02 


G06 


2139 


A02 


G12 


2140 


A02 


G13 


2141 


A02 


G15 


2142 


A02 


G20 


2143 


A02 


G2i 


2144 


A02 


G23 


2145 


A02 


HOI 


2146 


A02 


H04 


2147 


A02 


HIO 


2148 


A02 


H12 


2149 


A02 


H14 


2150 


A02 


HI 7 
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Table 4 



Compound 
Nofliber 


A 


8 


2151 


A02 


101 


2152 


A02 


103 


2153 


A02 


114 


2154 


A02 


115 


2155 


A02 


J01 


2156 


A02 


J07 


2157 


A02 


J10 


215a 


A03 


A09 


2159 


A03 


A13 


2160 


A03 


A18 


2161 


AOS 


A90 


2182 


AGS 


B01 


2163 


A03 


Fin? 


2164 




RIO 


2165 




U 1 O 


f vo 




□ 1 9 


?1fi7 






£ 1 vO 


Am 






AHl 


LrtU 


£ 1 f vf 




14 


9171 


AO 


Pi ft 


9179 




nnA 






uuo 


9174 


Ani 




917*; 






917fi 
c t f Q 


Ani 




. 9171 


A no 


L>18 






crv> . 


91 70 






9tJin 


AHQ 


rUo 


91ftt 


Ano 


rlJ4 




A^Q 




2183 


A03 


PI 7 


2184 


A03 


GOt 


2185 


A03 


G18 


21B6 


A03 


HOI 


2187 


A03 


mo 


2188 


A03 


H14 


2189 


A03 


i1 


2190 


A03 


115 


2191 


A03 


J07 


2192 


A04 


AOS 


2193 


A04 


AOS 


2194 


A04 


A07 


2195 


A04 


A09 


2)96 


A04 


All 


2197 


A04 


A12 


2198 


A04 


A13 


2199 


A04 


A14 


2200 


A04 


A15 



Compound 
Number 


A 


B 


2201 


r\v*f 


A91 


2202 


A 04 


Dv 1 






Rno 


A cut 




D lU 






R1 1 




A04 


019 


9907 


A04 


noA 






PA1 




AAA 
. rtV4 


PAO 


9910 


AAA 


OAA 


9911 




nAC 
UUO 


9919 


Ar\A 
r\\JH 




9911 • 


AAA 




991A 


■AAA 


r*i A' 


9911* 


AAA 
AlW 


04 1 




A04 


CI 2 


9917 


AnA 
AU4 


Ui3 




A04 


014 


oil n 


A04 


C16 


Of} on 


AAA 

A04 


C07 




AU4 


DO! 




A04 


D04 


2223 


A04 


O06 




A AA 

A04 


D07 


2225 


A04 


DOS 




AAA 

A04 


D09 


2227 


A04 


015 


' 2Z28 


A04 


016 


2229 


A04 


DI7 


2230 


A04 


018 


2231 


A04 


E03 


2232 


A04 


E08 




AAA 


Cl 1 


2234 


A04 


Et2 


2235 


A04- 


El 3 


2236 


A04 


E14 


2237 


A04 


E15 


2238 


A04 


ei6 


2239 


A04 


F01 


2240 


A04 


F03 


2241 


A04 


F04 


224? 


A04 


F05 


2243 


A04 


F11 


2244 


A04 


F14 


2245 


A04 


F17 


2246 


A04 


G01 


2247 


A04 


G02 


2248 


A04 


G03 


2249 


A04 


G06 


2250 


A04 


G12 



CcHDpound 
Kamber 


A 


R 




AAA 
AU*t 






A Ail 

A04 


G iS 




A Ail 


/^'>A 

G2u 




AAA 

A04 


G21 




A Ail 

A04 


G23 




A Ail 

A04 


HOl 




A n A 

A04 


H04 




AAA 

A04 


H10 


OORQ 


A AA 

A04 


HIZ 




A Ail 

A04 


1-14 A 

H14 


2261 


A04 


H17 


2262 


A04 


101 


2283 


A04 


103 


2264 


A04 


114 


2265 


A04 


its 


2266 


A04 


jdi 


2267 


A04 


J07 


2268 


A04 


JIO 


2269 


A05 


A09 


2270 


A05 


A13 


2271 


AOb 


AJ8 


2272 


A05 


A20 


2273 


AOS 


BOl 


2274 


AOS 


B02 


2275 


AOS 


BIO 


2276 


AOS 


B13 


2277 


AOS 


B19 


2278 


AOS 


C01 


2279 


A05 


C06 


2280 


A05 


CIO 


2281 


AOS 


C14 


2282 


AOS 


C16 


2283 


AOS 


D04 


2284 


AOS 


008 


2285 


AOS 


009 


2286 


AOS 


01S 


2287 


AOS 


016 


2288 


AOS 


018 


2289 


AOS 


E02 


2290 


AOS 


E12 


2291 


AOS 


F03 


2292 


AOS 


F04 


2293 


AOS 


F14 


« 2294 


AOS 


F17 


2295 


AOS 


GOl 


2296 


AOS 


GIB 


2297 


AOS 


HOI 


2298 


AOS 


H10 


2299 


AOS 


H14 


2300 


AOS 


11 
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Table 5 



Compound 
Ntiinber 

IlMUIVv k 


A 


B 


2301 


A05 


115 


2302 


AOS 


J07 


2303 


A08 


AOS 


2304 


A06 


A13 


2305 


A06 


A18 


2306 


A06 


A20 


2307 


A06 


BOI 


2308 


A06 


802 


2309 


A06 


810 


2310 


A06 


813 


231t 


A06 


819 


2312 


A06 


COl 


23t3 


A06 


C06 


2314 


A06 


CIO 


2315 


AOS 


C14 


2316 


AOS 


CI 6 


2317 


AOS 


D04 


2318 


A06 


DOS 


2319 


A06 


D09 


2320 


A06 


D15 


2321 


A06 


D16 


2322 


A06 


D18 


2323 


A06 


E02 


2324 


A06 


E12 


2325 


A08 


F03 


2326 


A06 


F04 


2327 


A06 


F14 


2328 


A06 


F17 


2329 


A06 


G01 


2330 


A06 


G18 


2331 


A06 


HOI 


2332 


A06 


H10 


2333 


A06 


H14 


2334 


A06 


11 


2335 


A06 


115 


2336 


A06 


J07 


2337 


A07 


A09 


2338 


A07 


A12 


2339 


A07 


801 


2340 


A07 


BC5 


2341 


A07 


820 


2342 


A07 


C14 


2343 


A07 


C16 


2344 


A07 


D04 


2345 


A07 


D09 


2346 


A07 


D15 


2347 


. A07 


EOt 


2348 - 


A07 


F04 


2349 


A07 


Q21 


2350 1 A07 


115 



CofflDOuoH 
number 


A 


B 


2351 


AOd 


A09 


2352 


A08 


Al? 


2353 


A08 


801 


2354 


A08 


805 


2355 


A08 


820 


2356 


A08 


C14 


2357 


A08 


CI 6 


2358 


AOS 


D04 


2359 


AOS 


D09 


2360 


AOS 


D15 


2361 


AOS 


E03 


2362 


AOS 


F04 


2363 


AOS 


G21 


2364 


AOS 


115 


2365 


A09 


All 


2366 


A09 


A12 


2367 


A09 


A13 


2368 


A09 


A14 


2369 


A09 


A15 


2370 


A09 


A21 


2371 


A09 


801 


2372 


A09 


802 


2373 


A09 


810 


2374 


A09 


811 


2375 


A09 


812 


2376 


A09 


820 


2377 


A09 


COl 


2378 


A09 


C02 


2379 


A09 


C04 


2380 


A09 


COS 


2381 


A09 


C06 


2382 


A09 


C07 


2383 


A09 


CIO 


2384 


A09 


C11 


2385 


A09 


CI 2 


2386 


A09 


CI 3 


2387 


A09 


C14 


2388 


A09 


CI 6 


2389 


A09 


C07 


2390 


A09 


D01 


2391 


A09 


D04 


2392 


A09 


D06 


2393 


A09 


D07 


2394 


A09 


DOS 


2395 


A09 


009 


2396 


A09 


D15 


2397 


A09 


016 


2398 


A09 


D17 


2399 


A09 


D18 


2400 


A09 


EOS 



Compound 

nUmoci 


A 


B 


2401 


A09 


E08 


2402 


A09 


Ell 


2403 


A09 


E12 


2404 


A09 


E13 


2405 


A09 


E14 


2406 


A09 


E15 


2407 


A09 


E16 


2408 


A09 


FOl 


2409 


A09 


F03 


2410 


A09 


F04 


2411 


A09 


F05 


2412 


A09 


F11 


2413 


A09 


F14 


2414 


A09 


F17 


2415 


A09 


001 


24T6 


A09 


G02 


2417 


A09 


G03 


2418 


A09 


G06 


2419 


A09 


G12 


2420 


A09 


G13 


2421 


A09 


GI5 


2422 


A09 


G20 


2423 


A09 


G21 


2424 


A09 


G23 


2425 


A09 


HOI 


2426 


A09 


H04 


2427 


A09 


HIO 


2428 


A09 


H12 


2429 


A09 


H14 


2430 


A09 


H17 


2431 


A09 


101 


2432 


A09 


103 


2433 


A09 


114 


2434 


A09 


115 


2435 


A09 


JOl 


2436 


A09 


J07 


2437 


A09 


J10 


2438 


A13 


801 


2439 


A13 


805 


2440 


A13 


820 


2441 


A13 


C14 


. 2442 


A13 


C16 


2443 


A13 


004 


2444 


A13 


D09 


2445 


A13 


D15 


2448 


A13 


EOS 


2447 


AI3 


F04 


2448 


A13 


G21 


2449 


A13 


115 


2450 


A13 


J07 
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Table 6 



Conpouad 
NiUDber 


A 


! • 

• B 


CHO 1 


□Ui 


DUD 




□U 1 


uU9 




Qni 
nu > 






DU » 


\ji 0 




QA 1 

ox) 1 


utw 




Qfll 

OUi 




240 # 


dUi 


OlO 




Dm 
OUI 






QtSi 




9 AC A 


DAl 

dUI 




1 

t40i 


oOl 


lie 

no 




bUl 


IA*f 




one 
OUD 


BUS 




DUO 


.014 




BOq 


C1G 


Z400 


B06 


D04 


Z4o7 


BOG 


D09 


Z46B 


B06 


015 


2468 


B06 


E03 




BOo 


F04 


Z47l 


BOo 


G2! 


2472 


B06 


115 


2473 


BOG 


J07 


2474 


B13 


CI 4 


2475 


B73 


CI 6 


2476 


BI3 


D04 


2477 


B13 


009 


2478 


B13 


015 


2479 


B13 


E03 


2480 


BI3 


F04 


2481 


Bt3 


G21 


2482 


BI3 


il5 


<40«> 


nil 




2484- 


cot 


O02 


2485 


C01 


C04 


2486 


C01 


CI 6 


2487 


COl 


004 


2488 


CX)t 


009 


2489 


COl 


015 


2490 


C01 


E03 


2491 


COl 


F04 


2492 


COl 


G21 


2493 


C07 


C09 


2494 


C07 


cie 


2495 


C07 


004 


2498 


C07 


D09 


2497 


C07 


015 


2498 


C07 


F03 


2499 


C07 


F04 


2500 


C07 


G21 



Compound 
Number 


A 


1 

B 

O 




Ci4 


016 






O04 




C14 


O06 


*%K.{\A 


C14 


009 




C14 


016 


OCAC 

ZoOo 


C14 


E03 


2507 


C14 


F04 


2508 


C14 


* G21 


2509 


018 


017 


2510 


016 


004 


2511 


C16 


006 


2512 


C16 


D09 


2513 


C16 


016 


2514 


016 


E03 


2515 


016 


F04 


2516 


017 


001 


2517 


017 


004 


2518 


C17 


015 


2519 


004 


007 


2520 


004 


009 


2521 


004 


015 


2522 


004 


016 


2523 


O04 


EG3 


2524 


004 


Ell 


2i>25 . 


O04 


E12 


2526 


004 


F03 


2527 


004 


F05 


2528 


O04 


F14 


2529 


004 


F17 


2530 


004 


G07 


. 2631 


004 


Gil 


2532 


004 


G21 


2533 


004 


H05 


2534 


O04 


H17 


2535 


004 


114 


2536 


O09 


007 


2537 


009 


009 


2538 


009 


016 


2539 


009 


016 


2540 


D09 


E03 


2541 


009 


£11 


2542 


D09 


E12 


!?543 


D09 


F03 


2544 


009 


F05 


2545 


009 


F14 


2546 


009 


F17 


2547 


D09 


G07 


2548 


009 


Gif: 


2549 


009 


G21 


2550 


D09 


H05 



Compound 


4 

A 


a 


2551 


O09 


HI 7 


2552 


009 


114 


2553 


016 


DIG 


2554 


01G. 


E03 


2555 


DIG 


Ell 


2556 


DIG 


E12 


2557 


DIG 


F03 


2558 


D16 


F05 


2559 


D16 


FI4 


2560 


D16 


F17 


2??1 


DIG 


G07 


2562 


DIG 


Q11 


2563 


DIG 


Q2t 


2564 


DIG 


H05 


2565 


DIG 


HI 7 


2566 


D16 


114 


2567 


E01 


E03 


2568 


E01 


A01 


2569 


EOl 


A02 


2570 


EOl 


A09 


2571 


EOl 


En 


2572 


EOl 


E12 


2573 


EOl 


F03 


2574 


EOl 


F05 


2575 


EOl 


F14 


2576 


EOl 


F17 


2577 


EOl 


G07 


2578 


EOt 


Gil 


2579 


EOl 


G21 


2580 


EOl 


H05 


2581 


EOl 


mi 


2582 


EOt 


114 


2583 


E02 


AOt 


2584 


E02 


A02 


2585 


E02 


A09 


2586 


E03 


Ell 


2587 


E03 


E12 


2588 


E03 


F03 


2589 


E03 


F05 


2590 


H03 


F14 


2591 


E03 


F17 


2592 


E03 


G07 


2593 


E03 


Gil 


2594 


E03 


G2I 


2595 


E03 


H05 


2596 


E03 


HI 7 


2597 


E03 


114 


2598 


E05 


A01 


2599 


.E05 


A02 


2600 


EOS 


AQ9 
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Table 7 



Nuinber 


A 


B 


2601 


E12 


F03 


2602 


E12 


F05 


2603 


E12 


F14 


2604 


E12 


F17 


2605 


El 2 


G07 


2e06 


Ef2 


Gil 


2607 


E12 


021 


2608 


E12 


H05 


2605 


E12 


H17 


2610 


E12 


114 


2611 


E15 


E01 


2612 


E15 


ED2 


2613 


E15 


E03 


2614 


E15 


EOS 


2615 


E15 


FD3 


2616 


E15 


F05 


2617 


£15 


F14 


2618 


EIS 


F17 


2619 . 


F03 


F05 


2620 


F03 


F14 


2621 


F03 


F17 


2622 


F03 


G07 


2623 


ro3 


Gil 


2624 


F03 


Q21 


2625 


F03 


ms 


2626 


F03 


H17 


2627 


F0S 


114 


2628 


F04 


F05 


2629 


Fm 


F14 


2630 


F04 


F17 


2631 


F04 


007 


2632 


F04 


Oil 


2633, 


F04 


G21 


2634 


F04 


HD5 


2635 


F04 


HI 7 


2636 


F04 


114 


2637 


F05 


A01 


2638 


R>5 


A02 


2639 


F05 


AD9 


2640 


F05 


F14 


2641 


FOS 


FI7 


2642 


F05 


G07 


2643 


F05 


Gil 


2644 


F05 


G21 


2645 


F17 


C»7 


2646 


G21 


H12 


2647 


108 


114 


2648 


no 


114 


2649 


no 


115 


2650 


114 


Its 



ConpouDd 
NoBber 


A~ 


- B 


2551 


J6l 


JO^ 


2652 


J01 


J03 


2653 


J01 


J07 


2654 


J02 


J07 


2855 


J03 


J04 


2856 


J07 


J08 


2857 


J07 


J1D 
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[ChemicaX Formula 18] 



" Cu Cu 



1 



«{CHa)3 

Exemplary compound 3Q01 

Among . the above examples^ structural formulae, 
of -preferable copper coordination compounds are shown 
below. 



[Chemical Formula 19] 



^ .8l(CHa)3 
!^A^Si(CHa)3 

to 



8i(CH,), 

Exemplary 
compound 1001 




Exemplary 
compound 1002 



Cu— Oil 



Exemplary 
compound 1006 



Qu— Cu 



SI<CH&, 

Exemplary 

compound 1007 



Ou— Cu 



Qu— Cu 



8l(CH3h 




Exemplary 
c(»Q>ound 10€3' 



8l(CHrfa 

Exemplary 
c<»ipou.nd. 1078 
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Exemplary Exemplary Exemplary 

Compound 1099 compound 1097 compound 1134 
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[Chemical Formula 20] 



^ .9KCH3)3 



SKCH3)3 Vs**^ 



Exeipplary confound- 2568 



l!^i^SI(CHa)j 




SUCHah 
Si(CIQ3 

Exemplary compound 2033 



cL— Ou 



KCHab 




Si(CHa)s 

Eemplary compound 2004 




SKCHab-ty*!! 



Exemplary compound 2051 



Qu— <^ 



SI(CH3)37V'i 
SKCHa)) 




$i(QH3)a 
(CHab 



SI(CH3)3 



Exemplary compound 2347 



Exemplary conpound 2037 
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[Chemical Formula 21] 



N 





Exemplairy Exemplary Exemplary Exemplary 

compound 1151 coxapound 1160 compound 1172 compound 1176 



Cu Cu Cu 




Exemplary compound 3001 




Cu Cu 



Exemplary compound 3002 



Many of these cooper coordination compounds 
have a copper-copper interatomic distance of 3.2 A or 

10 lessr and interaction between copper atoms exists to 
maintain the bond therebetween. The copper 
coordination compound having a partial structure 
represented by the above general formula (1), 
preferably the above general formula (2) has two 

15 bidentate ligands such that the ligands surround two 
copper atoms from both ends of the two copper atoms. 
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Taking Exemplary compound 1001 as an example/ two 
ligands AOl are used as this ligand, and a nitrogen 
atom in, pyridine and a carbon atom adjacent to the 
pyridine ring are coordinating atoms- These ligands 
5 are rotationally symmetrically coordinated in the 
coordination compound so .as to surround two.cppper 
atoms. It is considered that an extreiaely bulky 
trimethylsilyl group in the ligand has an effect of 
stabilizing the bond between copper and ligand, 

10 Since the ligand has a three-dimensionally bulky 
substituent group therein, thermal stability, is 
'improved and it is' desired as a Iximinescent material 
Exemplary compound 1001 has a copper interatomic 
distance of 2.41 A in its molecule and has a strong 

15 interaction. A compound having a copper interatomic 
distance of 3.2 or less .A has relatively strong 
interaction between copper atoms/ thereby obtaining 
.excellent thermal stability and. luminescence 
characteristic . 

20' A copper coordination compound using ligands 

having aromatic substituent group shown in Chemical 
Formula 10 can have not oiily a luminescence 
capability as a luminescent material but also a 
charge transport property due to its aromatic 

25 substituent. For example, when these coordination . 
compounds are used in a luminescent layer at a high 
concentration, charge transport becomes possible,, so 
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that the use of the compound is more advantageous. 
Further^ as the compound has several stable 
conformations f its amorphous property is enhanced to 
inhibit crystallization. This is. more desirable for 
improving the durability of an organic LED device. 
As another example, a structure having a 
trimethylsilyl group in one ligand but no. 
trimethylsilyl group in the other ligand is possible 
like Exemplary compound 2051. This can destabilize a 
structural symmetry, decrease crystallizability, and 
improve an amorphous property. Furthermore, like 
Exemplary compound 2054, a difference in conjugation 
length can be provided to localize an excited, state, 
in addition to the presence or absence of a* 
trimethylsilyl group, thereby enhancing the stability 
of the device. The reason therefore is not clear, 
but it is possible to enhance the stability of this 
device by localizing an excited state of a 
luminescent material. 

The luminescent material of the present 
invention exhibit good luminescence in a solid as 
mentioned above, and thus it can be used in a . ' 
luminescent layer at a high concentration. However, 
when a coordinaition compound is constructed with the 
•same ligands, such compound is relatively easily 
crystallized. When this compound is used as a 
luminescent device, problems, may arise such as' easy 



35 



deterioration* Thus,, crystallization can be 
inhibited by reducing the synrmetry of its molecule,. 
Examples of those compounds are shown in Tables 3 to 
7.. For example. Exemplary compound 2033 has a 
carbazole .group in one ligand but no carbazole group 
in the other ligand. A compound having such 
molecular structure has high amorphousness and low 
crystallizability, and therefore it is more desired 
as a luminescent material for an organic LED device.. 

The extremely strong luminescence 
characteristics of the copper coordination compounds 
of the present invention were observed for the first, 
time by the present inventors, and its application to 
a luminescent device is disclosed. Accordingly, its 
luminescence mechanism has not been revealed so far. 
The description at luminescence mentioned below 
provides one model for our luminescence mechanism. 

As the lowest excited state in liaminescence of 
the copper coordination compound of the present 
invention, the following 3 types are considered, or a 
mixed state of these 3 types are/considered, 

(1) MLCT (metal-to-ligand-charge-transfer) excited 
state 

(2) metal-centered excited state 

(3) ' ligand-centered (7r"';r*) excited state 

Since an excited state has a short life and is 
complicated, it is difficult to experimentally 
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identify in detail an excited state for each 
: coordination compound. 

As mentioned above, many copper coordination 
compounds of the present invention has a short 
distance between copper atoms in its molecule and the 
distance is 3.2 A or less. Twice the van der Waals' 
radius of copper atom is 2.8 A, and it is considered 
that a new molecular orbital is formed due to 
interaction between copper atoms. The orbital formed 
by this interaction between copper atoms has a higher 
energy than an occupied orbital of a single copper 
atom/, and thus it can be a HOMO orbital (the highest 
occupied molecular orbital) . 

Further, many of the coordination compounds of 
the present invention have an electron-deficiency 
heterocycle such as pyridine, pyrazine, pyrimidine, 
pyridazine, quinoline, isoquinoline, pyrazole, 
azaquinoline, a^id azaisoquinoline rings, directly 
coordinated with a copper atom, through an N atom as 
shown by, for example, the above general formula (3). 
When the compound is in an excited state,, an electron 
is transited to an upper orbital from the ground 
state but the above heterocycle easily accepts the 
electron due to electron-deficiency. Thus, there are 
many cases wherein the heterocycle accepts an 
electron from a copper atom at the time of excitation 
transition. A ligand having such heterocycle accepts 
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an electron from a copper atom at the time of 
excitation transition. When an electron is charge- 
transferred from a metal to a ligand at the time of 
excitation transition, such excited state is referred 
to as MLCT excited state. The MLCT excited state of 
. the Cu coordination compound of the present invention 
is considered as follows. That is ^ an orbital formed 
by interaction between two copper atoms becomes a 
HOMO orbital of the molecule, and charge transfer 
from the HOMO orbital to a ligand occurs. This is 
the MLCT exited state. 

Also, when the coordination compound among 
those of the present invention has no heterocycle in 
its molecule. or accepts no electron at the time of 
excitation transition, the excited state at the time 
of excitation transition becomes (2) metal-centered 
excited state. Also, it is considered that it 
becomes . (3) iigand-centered (TT-TT*) excited state. 

Luminescence is generally generated from the 
lowest excited state. Since various excited states 
are ""mixed" in the lowest excited state, the 
luminescence characteristic is determined depending 
upon which excited state is main in the lowest 
excited state. 

With respect to MLCT excited state, when 
luminescence energy is changed by changing ligandis, 
these ligands 'are determined to be in main excited 
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states. When the distance between copper atoms in 
the molecule is about 3,2 A or less^ a bonding 
orbital is formed due tp metal interaction and thus 
such orbital is considered as MLCT transition. 
Molecular structural characteristics such as a 
distance between copper atom3 can be determined by X- 
ray crystal structure analysis ; 

The luminescence wavelength of the copper 
coordination compound of the present invention can be 
controlled by changing a ligand. For example/ the . 
wavelength can be controlled by using an e.lectron- 
withdrawing or electron-donating group on a pyridine 
ring, like a ligand shown in Chemical Formula 6. 
Further, the N atom niamber in a heterocycle or a ring 
structure of a heterocycle can be changed as shown in 
Chemical Formulae 8 and 9, Furthermore, the 
luminescence wavelength can be controlled by changing 
the conjugation length of an aromatic ring as shown 
in Chemical Formulae 10 and 11. 

The copper coordination compound of the present 
invention has a luminescent lifetime of 0.1 to 100 jis 
in a solid state. The Ixaminesicence occurs through a 
triplet excited state, arid composed of delayed 
fluorescence or phosphorescence. The 
photoliaminescence yield is about 1 to 60%, and 
exhibits strong luminescencie . 

. For high luminescence efficiency, it is 
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important to allow a compound to have a ligand 
structure so that structure changes between the 
ground state and an excited state are inhibited. The 
copper coordination compound of the present invention 
inhibits the above structural changes more in a solid 
rather than, in a solution, and thus strong 
luminescence can be obtained. This is one reason why 
the copper coordination compound exhibits good 
luminescence in a. solid* Aluminum-quinplinol 
derivatives, coumarin derivatives, quinacridon 
derivatives, which have been used so far, allow for 
extremely strong luminescence in a solution, and that 
. strong luminescence characteristic is maintained in a 
solid state as it is. This characteristic 
effectively works in the case of an organic EL device 
and high luminescence efficiency, of the device can be 
obtained. However, the Cu coordination compound of 
the present invention exhibits stronger luminescence 
in a solid than in a solution. The present inventors 
have noticed this characteristic and found that this 
characteristic is useful for highly efficient and 
stable luminescence of an organic EL device. 

The Cu coordination compound of the present 
invention is useful as a luminescent material of an 
organic. EL device. The compound is suitable for 
vacutim-deposition process or . spin coating process 
wherein the compound is applied in a solution, or 
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application method using an ink jet nozzle, in 
addition to high luminescence efficiency of the 
compound. With, no damage such as decomposition in a 
device fabrication process^ stable device fabrication 
. is possible. 

Next/ a luminescent device will be described. 
The luminescent device of the present invention 
preferably contains the above luminescent material in 
its luminescent layer. 

Figs. lA to IE show basic structures of organic 
EL devices of / the present invention. Reference 
numerals in the figures are explained as follows. 
Reference numeral 11 denotes a metal electrode, 12 a 
luminescent layer, 13 a hole-transporting layer, 14 a 
transparent electrode, 15 a transparent substrate, 16 
an electron-transporting layer, . and 17 an exciton 
diffusion prevention layer. 

As shown in Figs-. lA to IE, the organic EL 
device is generally composed of single or plural 
organic layers which are sandwiched by the 
transparent electrode 14 on the transparent substrate 
15 and the metal electrode 11. 

Fig. lA shows, a simplest structure of the 
device wherein an organic layer is composed of only a 
luminescent layer 12. 

Figs... IB and IC show the devices having two 
organic, layers, which are a luminescent layer 12; and 



a hole-transporting layer 13; and a luminescent layer 
.12 and an electron-transporting . layer 16, 
respectively. 

Fig. ID show the device having three organic 
layers, which are a hole- transporting layer 13, a 
luminescent layer 12 and an electron-transporting 
layer 16. 

Fig. IE show the device having four organic 
layers, which are a hole-transporting layer 13, a 
luminescent layer 12, an exciton diffusion prevention 
ilayer 17, and. ah electron-transporting layer 16. 

For the luminescent layer 12, an alumirium- 
quinolinol complex or the like having electron 
transport property and luminescence characteristic 
(typical example is Alq as shown below) is used. 

As the luminescent layer, it is possible to use 
a guest host type which contains a luminescent copper 
coordination compound of the present, invention in a 
carrier-transporting material; only the luminescent 
copper coordination compound at 100% concentration; 
or the layer composed of the liiminescent copper 
coordination compound as a main component with the 
addition of a small amount of additive (e.g. carrier- 
transporting material or crystallization-preventing 
material). Further, among guest host types, two 
carrier-transporting materials, as guests, one having 
an electron-transporting property and the other 
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having a hole-transporting property, are used, and 
the luminescent copper coordination compound can be' 
added thereto. Therefore, the luminescent layer of 
the present invention can be composed of. a material 
containing one or more components, considering 
performance improvement or productivity. 

In additioHf for the hole-transporting layer 13, 
triphenylamine derivatives {typical example is oNPD) , 
for example, are mainly used. In the case of 
polymers, PVK is used. PVK has mainly hole- 
transporting property, and PVK itself exhibit blue EL 
luminescence . 

As the electron-transporting layer 16, 
oxadiazole derivatives, for example, are used, or Alq, 
Bphen or BCP as shown below can be used. 
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[Chemical Formula 22] 




PVK 



Production Ex^ple 1: production of Exemplary- 
compound 1001 
[Chemical Formula 23] 




1) rhBul4/TMEDA 

2) TMSa 




N 



10 



SiMea 
A01 

Into a lOOO-ml flask, 32 ;6 g of TMEDA (281 
mraol) was charged with 150 ml of cyclohexane, and . 
cooled to -30^C^ To this, solution, 345 ml of n-butyl 
lithium {2.4 M hexane solution) was dfopwise added 
with a cannular, arid 26.1 g (281 mmol) of .2-methyl 
pyridine was dropwise added to the resultant 
suspended solution wi^th a dropping, funnel. 
Thereafter, the reaction, solution was heated and 
stirred at room temperature for 10 minutes. Then, 
the solution was again cooled down to -SO^'C, and 91,5 
g {843 mmol) of trimethylsilyl chloride was dropwise 
added thereto with a dropping funnel. After stirring 
for 15 minutes, the resultant solution was heated to 
room t^perature, and stirred for 2 hours. After the 
reaction, the resultant mixture wais treated with 
water, and extraction was carried out with hexane {IL 
X 3). An .organic layer thereof was washed with 
saturated saline and dried on, magnesimn sulfate. 
Then, the solvent thereof was evaporated and a. crude. 
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product was obtained. The obtained product was 
purified with column chromatography (ethyl 
acetate/hexane « 1/10), and distilled under reduced 
pressure to obtain 13.0 g of Compound Apl (yield 19%) 
[Chemical Formula 24] 




wBuLi 




.^.^SiMea 
SiMe3 



, CuCI 



MeaSi 
MesSi 



SiMe3 

I Cu 
Cu f 




1001 



To a 100-ml two-necked flasks 952 mg of 2-(bis-' 
trimethylsilanyl -methyl) -pyridine (Compound AOl) was 
charged with 20 ml of completely degassed dehydrated 
tetrahydrofuran, and 2.5 ml of n-butyllithium (4 mmol 
1.6 M hexane solution) was dropwise added while 
stirring at -20'*C under nitrogen gas flow. ■ 

Thereafter, the resultant solution was heated 
.gradually to room temperature. After the solution 
reached to room temperature, 4.96 mg (4 mmol) of 
copper chloride (I) was added thereto and the 
resultant mixture was stirred for 15 minutes. - After 
the reaction was completed, . the solvent thereof was 
evaporated in nitrogen' atmosphere. 50 ml. of . 
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dehydrated and degassed hexane was added to the 
reaction mixture and the mixture was stirred. Then, 
in nitrogen atmosphere insoluble matters were 
filtrated. The riesultant filtrate was concentrated 
5 in nitrogen atmoisphere, and the obtained solid 

product was purified by sublimation purification to 
obtain 350 mg (yield 29%) of Exemplary compound 1001. 

Production Example 2: production of exemplary 
.10 compound 1002 

[Chemical Formula 25] 




1002 

To a 100-ml two-necked flask, 1006 g (4 ramol) 
. 15 of 2- (bis- trimethylsilanyl -methyl )-6-methyl-pyridine 
(Compound A02) was. charged. with 20 ml of completely 
degassed and dehydrated tetrahydrofuran, aiid 2.5 ml 
of n-butyllithium (4 ilimol, 1,6 M hexane. . solution) was 

dropwise added while stirring at -20*^0 under nitrogen 
20 gas flow. . ... 
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Thereafter, the resultant solution was heated 
gradually to room temperature. After the solution 
reached to room temperature, 496 mg (4 mmol) of 
copper chloride (I) was added thereto and the 
5 resultant mixture was stirred for 15 minutes. After 
the reaction was completed, the solvent thereof wad 
evaporated in nitrogen atmosphere. To the reaction 
mixture 50 ml of dehydrated and degassed hexane was 
added, and the mixture was stirred. Then,.* in. 
10 nitrogerx atmosphere, insolvible matters were filtrated 
. The resultant filtrate was concentrated in nitrogen . 
atmosphere, and the obtained solid product was 
purified. by sublimation purification to obtain 390 mg 
(yield 31%). of Exemplary compound 1002. 

15 

Production exanqple 3 : production of Exemplary 
compound 1176 
. [Chemical Formula 26] . 



J07 



Cu(CH3CN)4PFe 




1176 
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To a 100-ml two-necked flask, 186 mg (O.S lomol) 
of tetrakis (acetonit rile) copper (I) hexaifluorophosphate 
and 20 ml of dehydrated toluene were fed and 132 mg 
{0.5 mmol) of 2-diphenylphpsphanyl-pyridine tCompound 
5 J07) was charged thereto under nitrogen gas flow. 
Thereafter, the mixture was stirred. for 1 hour. 
After the reaction was completed, the solvent thereof 
was evaporated and reerystallization was carried out' 
with chloroform/methanol to obtain 159 mg (yield 50%) 
10 of Exemplary compound 1176. 

. Luminescence characteristicis of compounds 

Luminescence characteristics of compounds 
produced by Production Examples 1 to 3 were measured 
when these compounds were powder. Results thereof 
15 are shown in Table 8. In addition, a Iviminescerice 
spectrum of Exemplary compound 100.1 is shown in Fig. 
2 as a representative example.. 



Table 8 • 



Exemplary 
Compound 


Lxmiinescence 
wavelength 
(nm) 


Half-value 
width 
(rm) 


1001 


519 


67 


1002 


525 


70 


1176 


514 


91 



20* 

Examples 1 and 2 , 

In these examples, a device having a device 
structure including three organic' layefrs as shown in. 
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Fig. ID was used. 

On a glass substrate (transparent substrate 15), 
100 nm-thick ITO (transparent electrode 14) was 
patterned such that the resultant opposing electrodes 
5 had an. area of 3 inm^. The organic layers and the 
electrode layers described below were vacuum- 
deposited on the ITO substrate by resistive heating 
in. a vacuum chamber at 10"^ Pa for continuous 
deposition. Two kinds of luminescent layer 12 having 
lb 40 nm .(Example 1) and 20 nm (Example 2) in thickness 
were prepared. 

Hole-transporting, layer 13. (thickness : 40 nm) : 
-compound 

Luminescent layer 12 (thickness: 40 nm, 20 nm) : 
15. CBP/Exemplary compound 1001 (10% by weight based on 
CBP) 

Electron-transporting . layer 16 (thickness; 50 
nm) : BPhen 

Metal electrode 1 (thickness: 1 nm) : KF Metal. 
20 electrode 2 (thickness: 100 nm) : Al 

The structural formula of Compound FLl is shown, 
below. 
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[Chemical formula 21] 




Example 3 , 

In this Example, a device having the device 
5 structure including three organic layers shown in Fig. 
ID was used. 

On an itO substrate as prepared in the same 
manner as in Example 1, PEDOT (for organic EL) 
availablie from Bayer Corporation was applied by spin 
10 coating at 1000 rpm (20 sec.) to a thickness of 40 nm 
as a hole- transporting layer 13, and dried for. 1 hour 
in a vacuum chamber at 120*'C. 

On top of that laye^r, the following solution 
was used for spin-coating at 2000 rpm for 20 seconds- 
15 . in nitrogen , atmosphere so that, the luminescent layer. 
' 12 with a thickness of 50 nm was formed. The formed 
layer was dried in the same condition as in forming 
the hole-transporting layer 13.. 
Dehydrated chlorobenzene: 10 g 
20 Polyvinyl carbazole (average molecular weight 9600) : 
92 mg 

Exemplary compound 1001: 8 mg 
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This substrate was installed in a vacuum 
deposition chamber, and Bphen was vacuum-deposited 
thereon to form an electron- transporting layer 16 
with a thickness of 40 mn. 

Then, a cathode; electrode (metal electrode 11) 
having the following structure- was formed. 

Metal electrode layer 1 (thickness: 15 nm) : 
AlLi alloy (Li content: 1,8% by weight) 

Metal electrode layer 2 (thickness: 100 nm) : Al 
Characteristics of. devices 

Characteristics of the device were evaluated by 
applying DC voltage to the metal electrode 11 as the 
negative side and the transparent electrode 14 as the 
positive side. 

As for voltage-current characteristic, good 
rectification was exhibited. Luminescence, spectrum 
and luminescence intensity were measured with 
spectrometers SRI and BM7 manufactured by TOPCON 
Corporation. A current value at the time of voltage 
application was measured with 4140Bd manufactured by 
Hewlett-Pakard Corporation. Luminescence efficiency 
cd/A was calculated based on liaminescence intensity 
and the measured current value. The results are 
shown in Table 9. 
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Table 9 



Example 


Luminescence 
wavelength 
(nm) 


300 cd . 


600 cd 


cd/A 


Im/w 


cd/A 


Lm/W 


1 


535 


20.7 


10.1 


18.1 


9.2 


2 


535 


24.9 


. 17.8 


21.4 


14.5 


3 • 


. 540 


. 11.5 


5.2 


10.1 


4.3 



The device exhibited excellent luminescence at 
300 and 600 cd/cm^. 

In Example 1/ the external quantum efficiency 
was. 7,5% and highly efficient luminescent device was 
obtained taking advantage of liminescence through a 
triplet excited state. Further, the devices of 
Examples 1 and 2 were energized for 100 hours for 
luminescence. It was confirmed that stable 
luminescence was obtained at that time. 
Example 4 

Using the same synthesis method as ishown in • 
Production Example 1, Exemplary compound 1078 was 
synthesized based on the following synthesis scheme. 
After the reaction between a ligand and CuCl, 
sublimation purification was. carried out to obtain a 
compound in a synthesis yield of 10%.. To identify 
the compound, elemental analysis and X-ray crystal 
analysis were employed. Fig. 3 shows a luminescence 
spectrum of the compound of this example in a solid, 
state. A strong orange luminescence was observed 
from the compound, which had- a peak wavelength at 577 
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nm and a half -value width of 91 run.. 
[Chemical Formula 28] 




Example 5 

Exemplary compound 1007 was synthesized based 
on the following synthesis scheme. 

To a 30b-ml. reaction vessel/ diisopropylamine 
(14 ml, 99 raraol) and diethylether (100 ml) were fed 
and cooled down to -4.0^C. To this mixture solution/, 
n-butyllithium in 2.44 M hexane solution (41 ml, 99 
mmol) was added dropwise. The mixture solution was 
warmed to O^C while stirring, and then cooled down to 
-78^C. Then, 2-fluoro-6-methyl pyridine (5.a g, 45 
mmol) was added thereto. After stirring for 15 
minutes, trimethylsilyl chloride (12.6 ml, 99 mmol) 
was slowly added dropwise. Thereafter, the resultant 
solution was warmed and s.tirred at room temperature 
for. 18 hours. To this mixture solution, water and 
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further hexahe. (150 ml) were added, and the mixture 
was separated to an organic layer and an aqueous 
layer. Th^n, the aqueous layer was extracted with 
hexane for collecting the organic layer. The 
5 collected organic layer was washed with saturated ' 
saline and dried on MgS04. This solution was 
concentrated to obtain a light brown liquid of JLigand. 

. The synthesis method for obtaining a copper ^ 
coordination compound is the same as in Production 

10 Example 1 of reaction between a. ligand and CuCl. The 
reaction between the ligand and CuCl is followed by 
sublimation purification to obtain the compound in a 
synthesis yield of 20%. To identify the compound, 
elemental analysis and X-ray crystal analysis . were 

15 employed. 

. [Chemical Formula 29]. 

1) tt-BuLy diisopropylamine 



^ ^ .TMS 




TMS 

CuCl jfl 

Cu 

(HjC),SI \J 
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Fig. 4 shows a luminescence spectrum of the 
compound of this exan5)le in a solid state. A strong 
green luminescence was observed from the compound, 
which had a peak wavelength at 504 nm and a half- 
5 value width of 55 nm. 
Example 6 

Exemplary compound 3002 as the metal, 
coordination compound was synthesized based on the 
following synthesis scheme. A ligand was obtained by 

10 reaction between trimethylsilyl diphenylphosphine and 
l-iodine-2-bromobenzene in the presence of palladium 
catalyst in a benzene solvent. The method for 
obtaining a copper coordina"tion compound w^s the same 
as in Production Example 1 of reaction between, a 

15 ligand and CuCl. The reaction between the ligand and 
CuCl was carried out to obtain the compound in a 
synthesis yield of 12%. To identify the compound/ . 
elemental analysis and X-ray- crystal analysis were 
employed. 
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[Chemical Formula 29] 




Fig. 5 shows a luminescence spectrimi of the 
compound of this example in a solid state. A r^d' 
5 luminescence was observed from the compound, which . 
had a peak wavelength of 705 nm. 
Examples 7 and 8 

In Examples 7 and 8, the device having the same 
. device structure as in Example 2 was produced except 
ia for a luminescent layer. These examples employed the 
same Exemplary coitgpound 1001 as a. luminescent dopant 
as in Example 2, but the concentration thereof was 
changed so that the device of Example 7 had a 
luminescent layer with 50% concentration of the . 
15 Exemplary compound 1001 and 50% concent ration"" of CBP 
and the device of Example 8 had a luminescent layer 
with .100% concentration of the Exemplary compound 
1001. The. thickness of the luminescent layer was 20 



57 



nm. 

After th^ production of the devices 
characteristics of the devices were evaluated. The 
results thereof are shown in the following table, 
which -shows the efficiency at 600 od/xx? of luminance. 



Table 10 





Luminescence 
wavelength (hm) 


cd/A 


Im/W 


Example 7 


540 


19.3 


13.2 


Example 8 


550 


19.0 


12.0 



As shown above, these Examples exhibited an 
efficiency comparable ..with Exaitple 2 wherein th^ 
concentration of the Exemplary compound 1001 in the 
luminescent layer was 1.0%. Thus^ it is understood 
that Exemplary compound 1001 is a luminescent 
material that prevents concentration quenching, that 
is no decrease of efficiency, even when the 
concentration thereof is high. Further, stable 
luminescence, wais exhibited even when continuous 
luminescence was performed at 300 cd/m^. 
Examples 9, 10 and. 11 

In Examples 9 to 11, the devices having the 
same structure as in Examples 1 and 2 except that 
Exemplary compound 1007 was used as* a luminescent 
dopant. In the luminescent layer, the Exemplary, 
compound 1007 had a concentration of . 10% by weight,.. 
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and the thicknesses of the luminescent layer were 40 
nm (Example 9). and 20 nm (Example 10) . Further, the 
luminescent layer of Example 11 had a thickness of 20 
nm and was composed of . only Exemplary compound 1007 
5 . without CBP. 



Table 11 





Luminescence 
wavelength (nm) 


cd/A 


Im/W 


Example 9 


505 - 


10.2 . 


6.8 


Example 10 


• 505 


15.0 


11.0 


Example 11 


515 


. -12;0 


8-2 



As shown above, the device using the Exemplary 
10 compound 1007 exhibited high luminescence efficiency. 
It is understood that the Exemplary compound 1007 is 
. an excellent luminescent dopant. Further, the device 
of Example 11 having the luminescent layer of 100% 
Exemplary compound 1007 exhibited good efficiency. 
ii5 It is thus understood that . the Exemplary compound 
1007 is a luminescent material that prevents 
concentration quenching. Stable luminescence was 
exhibited even whien continuous luminescence was 
performed at 300 cd/m^. 
20 Exatnple 12 

In Example 12, the. devipe having the same 
device structure as in Example 3/ except that 
Exemplary compound 1176 synthesized in Production 
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Example 3 was used instead of. Exemplary con^>ound 1001. 



Table 12 





Luminescence 
wavelength (nm) 


cd/A 


Im/W 


Exaitqoile 12 


520 


4.3 


2.0 



High luminescence efficiency was confirmed and 
also stable luminesceince was exhibited even when 
continuous luminescence was performed at 300 cd/m^. 

This application claims priority from Japanese 
Patent Application Nos . 2003-401821 filed on December 
1, 2003 and 2004-298501 filed on October 13, 2004, 
which are hereby incorporated by reference herein. 



